In order to have a better base for decisions, R&D managers need to know what the critical areas of development are in relation to the technologies they develop, mature, and include in the portfolio. As most of the technologies in a company have the potential to have a significant impact on competition, the challenge is to know how to identify and prioritize the development tasks. If possible, an effective strategy can be defined. This article suggests a framework for identification and analysis of a product portfolio, with special emphasis on identifying critical technology building blocks based on reasoning about product properties. Current approaches lack such views, and by focusing on these, potential make or break decisions are better supported. It is suggested to adopt the proposed framework to clarify where in the portfolio the technology needs critical attention for the next development steps. The framework is based on methods and theories in literature. The analysis of the portfolio is carried out through the framework in three steps: by creating an overview of the portfolio encompassing product and technology, assessing the elements in the overview with assessment metrics, and using property chains to identify critical technology building blocks.
Introduction
In order to have a better base for decisions, R&D managers need to know what the critical areas of development are in relation to the technologies they develop, mature, and include in the portfolio. For large investments in technology the objectives are to reduce risk, while increasing performance (Mankins, 2009a) . If successful, the potential output is breakthrough inventions (Ahuja and Lampert, 2001) .
The challenge is to know how to identify and prioritize the development tasks as most of the technologies in a company have the potential to have a significant impact on competition (Porter, 1985) . This requires an understanding of the technologies, but also knowledge of how to perform an assessment. Current approaches can be used to identify and prioritize technologies (Clausing and Holmes, 2010; Mankins, 2009a) . However, these do not take the key properties of a product into account. The product properties have high relevance in the assessment and positioning of a novel technology in a portfolio as these often are used for comparing whether a technology is competitive against other technologies. Therefore, the focus should be on properties and the link to the elements of technologies that carry these.
In this article, elements of technology are referred to as technology building blocks (TBBs). These are knowledge areas formed around natural phenomena and principles and with an acknowledgement of the fact that a producing firm must consider two dimensions of a technology: a product dimension (the principle of how to harness a natural phenomenon) and the production dimension (the transformations related to the making of the principle) (Greis, 1995; Mørup, 1993) . In the simplest form, technology is a phenomenon captured and put to use (Arthur, 2009 ). This understanding thus accepts coherence between product and production technology. Therefore, in this article, the TBBs can represent both product technologies and production technologies. A specific type of TBB is of key interest and emphasis in this article: the critical technology building block (CTBB). We define CTBBs as those essential for increasing key product properties. This meaning that an increase in knowledge of a CTBB is crucial to increase a product property and will affect this product property positively through a focused development effort. If the CTBBs cannot be identified and targeted, there is little indication of what should be focused on in the development to increase a certain property, and therefore a higher risk of making wrong strategic decisions that may result in time and cost overruns.
A three-step framework is proposed for the identification of CTBBs.
Step 1: create an overview of the forming portfolio for the company.
Step 2: assess the contents of the portfolio.
Step 3: use property reasoning to identify CTBBs by use of chains through the portfolio.
Challenges identified in literature
The following challenges in relation to technologies, development, and strategy have been found in the literature:
1. By splitting technology development and product development in the organization, there is a risk of inefficient transfer of technology and lack of synchronization (Holt, 1991; Lakemond et al., 2007; Nobelius, 2004; Wood and Brown, 1998) . 2. A large part of the value chain may have to be developed from scratch when a novel technology is used for definition of new products (Tryson and Kiil, 2010; Wood and Brown, 1998) . 3. There are disconnects between the strategies of the business and where the money is spent (Cooper et al., 2001) . 4. Resources need to be spent with the best possible chance of progression on the right tasks (Mankins, 2009a) . 5. Increasingly high level of complexity and high level of technical novelty in products affect technology integration (Iansiti, 1995) . 6. There is a high dependence on the competence and the initiative of individual managers and engineers (Holt, 1991; Mankins, 2009b) .
Requirements for a framework
Based on both the challenges found in literature, as well as the current need situation in a large-scale technology development project, requirements were formed for the proposed framework.
The purpose of the framework is to:
Identify a uniform structure describing the product portfolio, including technology building blocks, and including different levels of the value chain to allow overview of all entities to form the best basis for decisions (related to (1) and (2)); Enable an assessment of the portfolio and development status (related to (5) and (6)); Provide a basis for strategic decisions of what products and technologies should be focused upon (related to (3) and (4)).
A framework for identification of CTBBs should enable R&D managers to: Identify a structure that can describe the relation between the products and technologies in the company portfolio, as technologies are developed with an intended use in an organization; Assess the development, as it is critical for senior management to be able to choose between alternatives (Mankins, 2009a) ; Trace product properties through the value chain, as these are key to positioning on the market (Mørup, 1993) ; Identify the technologies that are the main contributors to the next level of performance within a certain property, as these can be defining for the technology strategy.
Structure of the article
First, the research methodology is introduced, followed by a state-of-the-art review. Then, the framework is introduced, and an example is given of the use. Field testing of the framework is presented using an industry example of the dielectric electro-active polymer (DEAP) technology development project. Finally, the discussion and conclusion make up the final sections of the article.
Methodology
The design research methodology (DRM) approach was used, from research clarification (RC) to initial descriptive study II (DS-II) (Blessing and Chakrabarti, 2009 ).
Literature study. A literature study was conducted in two parts: state of the art within modeling approaches and theoretical base for the framework. Literature was gathered over two iterations: a broad, initial iteration followed by a more detailed search. Here, the abstracts were read and papers of interest were included in the literature study.
Building of the framework. The base skeleton of the framework was created, based on literature. Literature on product structure relations and product/technology relations was used for the first step of the framework. Literature on assessment metrics was used for the second step, and literature on product properties, property reasoning, and engineering design was used for the third step. Testing and evaluating the framework. A concluding, 4-year, 13 Me, industrial project was used to test the framework. Data were collected from multiple sources: a joint data repository for 10 work packages, individual repositories, meetings, and through informal interviews. The framework was tested to verify fulfillment of the requirements. Finally, an evaluation of the framework was made in a workshop by four key persons from the industry project.
State of the art
The state of the art is focused on four main areas based on the requirements for a framework: how to capture attributes of a system, that is, structure and behavior of a system, single and multi-product development, how to include technology, and how to assess and prioritize development tasks.
Structure and behavior of a product system
A product system can be described from two perspectives, the structural characteristics (structure) and the functional properties (behavior) (Andreasen et al., 2014) .
Structure of a product system. In design structure matrix (DSM; Steward, 1981) approaches, products are decomposed into smaller components or systems with relations between them indicated. Ordinary DSMs are used to decompose and relate parts, requirements, processes, and so on as proposed by Eppinger and Browning (2012) and Bonev et al. (2013) , and can represent different levels of a system (Tilstra et al., 2012) , or to indicate product variety (Luh et al., 2011) . Furthermore, DSMs can be used for clustering (Daie and Li, 2016) and complex product architecture analysis (Uddin et al., 2016) . Quality function deployment (QFD) is used to convert customer demands into engineering requirements. Modular function deployment (MFD) is used with module drivers to view the flow and refinement from customer demands to designed modules (Nilsson and Erixon, 1998) . The product family master plan (PFMP; Harlou, 2006 ) is used to map structure from three points of view and the relations between them: customer, product, and production. Bonev et al. (2013) combined the matrix approach with the PFMP in the Product Requirements Development Model to investigate the effect of requirements on the product architecture.
Behavior of a product system. The behavioral view of a system is here divided into functions and properties. Function diagrams give a function structure with subfunctions connected by energy, material, and energy flows (Ulrich and Eppinger, 2008) . Both Function-Behavior-State (Tomiyama et al., 1993) and Function-Behavior-Structure (Gero, 1990) apply function modeling to reason about products. Organ diagrams have been used to model the ''organs'' of a product (Harlou, 2006) . More recently, the organ diagram has evolved to accommodate switching between different views of the system .
Function and property reasoning are found with a sound base in engineering design (Gero, 1990; Howard and Andreasen, 2013; Vermaas, 2013) . Andreasen et al. (2014) contributed with the articulation of the domain theory and the link model where the latter specifically can be applied for reasoning about functions and properties of both the product and the use activity. Property reasoning and property modeling (Andreasen et al., 2015) provide insight into the background for this type of mind-set approach with a description of property decomposition patterns to allow an identification of properties or qualities of sub-systems (Mørup, 1993) . Jensen et al. (2015) used property models to decouple interrelated dependencies to enable carry-over of test documentation between product families. In the characteristics properties modeling (CPM) and propertydriven development/design (PDD), a distinction is also made between the characteristics and the properties of a product (Weber, 2005; Weber and Deubel, 2003) .
Single and multi-product modeling
For large, single systems, unified modeling language (UML) or systems modeling language (SysML) can be used to describe the system of interest and the interaction between different views on the system, often based on the construction of meta-models (Andersson et al., 2010) . To simplify the, at times, large system descriptions, Borches (2010) proposed the A3 overview on which a single page is used to represent the system in focus to have a manageable architectural representation (Bonnema et al., 2010) .
For multi-product development, the program architecture approach aims to optimize the product portfolio by mapping the program architecture, that consists of market, product, and production architectures (Hansen, 2014) . The integrated PKT approach aims to achieve external product variety for the market with small internal variety of components and processes in the company (Krause et al., 2014) . The brown-field process contributes with a design process to modular product family development via design information elements (Pakkanen, 2015) .
Including technology
When looking into literature, different understandings and classifications of technology and technology development can be found (Andre´et al., 2014; Burgelman et al., 2009; Fusfeld, 1978; Ho¨gman et al., 2010) . Dosi (1982) argued that physical devices embody the achievements in the development of a technology in a defined problem-solving activity. Meyer and Lehnerd (1997) included product and production technologies as a base for product platforms. Thus, a producing firm must consider two dimensions of a technology: a product dimension (the principle of how to harness a natural phenomenon) and the production dimension (the transformations related to the making of the principle) (Greis, 1995; Mørup, 1993) . Schulz et al. (2000) see process technologies, together with management and organization and methods and tools, as secondary technologies that enable product technologies (primary technologies).
Different approaches are found to include technology indicating the thoughts of structure and the application of technology. Bitzer et al. (2014) discuss technology objects, and Jeong and Yoon (2014) utilize an ontology of technology for structure. Huang et al. (2011) utilize R&D to applications cross-chart to connect technology and application.
Platforms have also been used at a technology level, that is, technology platforms, where models and frameworks have been presented with definitions and descriptions of relations to product platforms (Kristjansson et al., 2004; Levandowski et al., 2012; Nasiriyar, 2009; Nasiriyar et al., 2010; Simpson et al., 2014; Wonglimpiyarat, 2004) .
Prioritizing and assessing tasks
Roadmapping is a widely used tool to prioritize and relate time-dependent task deliveries (Ulrich and Eppinger, 2008) . It is used to map out and prioritize deliveries from projects, departments, tasks, and so on, and indicate the relations to a recipient. The number of levels of coordination can vary by project type (Mortensen et al., 2005) . Vojak and Chambers (2004) proposed a methodology to investigate possible disruptive technologies. Zurcher and Kostoff (1997) provided an approach to model technology roadmaps. Jeong and Yoon (2014) presented patent roadmapping and the relation to technology roadmaps. Technology roadmapping has also been used as a method for technology push (MTP; Caetano and Amaral, 2011 ) and as a model for disruptive technology (Walsh, 2004) .
For measuring technology, a main classification can be made for a given technology to deliver its function (related to product) and to be produced (related to production) (Williamson and Beasley, 2011) . In order to assess systems under development, Mankins (2009a Mankins ( , 2009b suggested technology-centric measures with the technology readiness levels (TRLs), technology need value (TNV), and research and development degree of difficulty (R&D 3 ). Clausing and Holmes (2010) proposed the technology readiness assessment (TRA) matrix. In the early phases, integration readiness level (IRL) and system readiness level (SRL) can also be considered (Sauser et al., 2008) . In relation to processor manufacturing-related context, two main assessment methods can be considered: manufacturing readiness level (MRL) and manufacturing capability readiness level (MCRL) (OSD Manufacturing Technology Program, 2015; Ward et al., 2012) .
A need for a different approach
When comparing with the requirements posed for the framework in section ''Requirements for a framework,'' the following is argued. Few of the presented modeling approaches focus on the handling of discussions evolving around the technology-based choices needed to be taken in the development. Only a few frameworks and methodologies include reasoning about properties in a holistic manner and include technology. Concluding the review, a framework to use as a basis for taking decisions on further development with focus on technology, based on property reasoning, is absent.
Framework for identification of CTBBs
In the following sections, the three steps for the framework are introduced.
The framework: overview, assessment, and reasoning
The framework is formed of the three main steps:
Step 1. Creating the portfolio overview-where the base structure is described on multiple tiers.
Step 2. Assessing the system elements-where the contents of the overview are assessed.
Step 3. Reasoning about properties-where the desired properties are projected down through the portfolio overview.
Where the first two steps are used to create an overview with metrics of the current portfolio development status, emphasis is put on the third step with identification of CTBBs by the use of key product properties.
The combination of the three steps will provide a structured way of representing the technologies and capabilities in the company as well as providing a sound base for a technology strategy definition. Inputs and outputs can be seen in Table 1. Step 1: building an entity-relation overview of the product portfolio including technology
The main structure of the overview is split into two main dimensions: product and technology and follows a diabolo structure (Erens, 1996) , as illustrated in Figure 1 . The structure is linked to the granularity view of a product and the tiers get input from each other. A part of the overview can be singled out, with the greyed-out structure, in order to focus on parts of the development.
Reading from the bottom of a tier, the technologies are represented by TBBs. These are realized in components. The components (here referred to as modules, organs, and parts (Andreasen, 2011; Gershenson et al., 2003; Meyer and Lehnerd, 1997) ) make up a product family (a group of related products (Simpson et al., 2006) ) based on an architecture aimed at a specific market. These related products are in the framework illustrated as variants. Modeling the entity-relation overview may be done with the preferred tool of the framework user.
In the overview, product platforms can be made out of components (Meyer and Lehnerd, 1997) , albeit not being the main focus. Likewise, technology platforms can be indicated in the technology dimension. The top tier of an overview represents the end-user product in which the technology is integrated. This tier is also the starting point for the last framework step, the reasoning. Step 2: assessing the current situation in the portfolio
The assessment is used to give knowledge on the status of the development in the overview. For each of the elements, the completed development tasks are represented. This will give an indication to the project management to illustrate the status of each element. Additionally, performance metrics are indicated here (Mankins, 2009a) . A number of assessment metrics for technologies were identified in section ''Prioritizing and assessing tasks.'' Each of them enables assessment of technologies in the product or production dimensions. The identified assessment metrics are illustrated in Table 2 with their respective scales. The assessment metrics compared in Table 2 can be used based on the preference of the company, project, or person set with the task of mapping out and assessing the portfolio. No preference of a specific assessment metric is given in this article. However, the crucial part is to agree on the use of the same metric companywise to enable a uniform and comparable assessment of the current situation in the portfolio. For effectiveness, a consistent identification of the technologies is needed, that is, naming and description of its characteristics (Mankins, 2009a) .
Consider a completed assessment illustrating different readiness levels. An argument can be made to target the entities in the portfolio scoring the lowest readiness. The assessment metrics in the overview will provide the current situation of the portfolio, development-wise, but will not give an indication of what to develop next to create value for the potential customer. For this, reasoning about the product properties is needed as a third step in the framework.
Step 3: property reasoning to identify CTBBs
The third step is based on an understanding of product properties to identify CTBBs. A user of a product determines its value through product properties, which are realized through its deployment (Andreasen et al., 2015) . A product realizes multiple properties; however, a limited number of these are of value to the user, identified as key properties. Key properties can be identified by market analysis, user analysis, competitor analysis, or changing requirements, such as legal requirements or standards. An understanding of the key properties of the products in the portfolio is needed for a company to be competitive.
Property decomposition can be made to determine in what entities properties are determined by characteristics (Andreasen et al., 2015; Jensen et al., 2015) . Adding to the understanding of property decomposition, we define two types of decomposition patterns for properties. They are, as illustrated in Figure 2 pattern. PDCs track the deliveries made based on the solutions chosen. One solution may contribute with multiple properties. PTCs are used in this step to track properties down to CTBBs. The task of identifying the PTC for a certain property starts from the top tier. Here, for instance, the properties guided by requirements are found. The requirements are considered for the product domain (Prasad, 2002) . These are transformed to product property requirements for the lower tiers, based on decomposition of the requirements. This means that the property reasoning is driven by an understanding and decomposition of requirements. As the PTCs are gradually completed, they will end up at entities in the portfolio, that through their characteristics greatly contribute to the property.
The property reasoning step of the framework presupposes a deep knowledge and matter insight into products in the portfolio. Understanding the relation between properties and characteristics will assist the reasoning in this step as the characteristics that define the components play a role in the definition of the properties. The main reasoning is made by setting a number of requirements that guide the identification of the CTBBs.
Example of using the framework
Consider the following example of a badminton racket manufacturer. A competitor has introduced a new type of frame obtaining better racket frame flexibility. The manufacturer wants to introduce a new type of frame to stay competitive. Steps 1-3 could be as illustrated in Figure 3 .
Step 1 presents four tiers of granularity from the badminton racket (tier 4), through frame (tier 3), and down to shaft (tier 2) and material (tier 1) as these are related to the frame. A newly developed shaft (part of the frame) is shown to illustrate the assessment (Figure 3, middle) . It is based on a new shaft core material. The shaft is evaluated in different dimensions, and the completed development tasks noted.
The frame from the competitor offers more power to the players in their shots. The value proposition that needs to be focused upon is linked to the property ''Flexibility'' for the racket shaft. By trailing the PTC (Figure 3, right) , the shaft core technology is identified to be the CTBB in the portfolio for the flexibility property.
Having introduced the framework and given an example of the use, the next section will introduce experiences from field testing the framework. 
Field testing in a technology-push setting
A test of the framework was done in an industrial project to verify the applicability of the three framework steps. The industrial project was in a technology-push setting, where a technology was investigated toward a future commercialization, and therefore with an initial suggestion to a forming portfolio. The project was a technology development project in the stages before system development projects (Mankins, 2009a) .
The situation-development on all fronts
A spin-out company aimed to commercialize the DEAP technology based on a patent (Tryson and Kiil, 2010) . The DEAP technology had the potential for multiindustry application as a transducer sub-system (actuator, generator, or sensor). The development included a substantial part of the value chain (Tryson and Kiil, 2010) , ranging from the core polymer material, through the transducer concept definition, and over to testing of the product concepts in four industrial applications (Sarban and Gu+laugsson, 2013) .
There was a need to lay out and display the portfolio forming around the DEAP technology on multiple tiers to enable strategic decisions for further development. Overviews had until then been to a degree implicit, resulting in a fragmented and incomplete overview of the development tasks.
Steps 1 and 2: identifying and assessing the portfolio structure on multiple levels
The core technology for a DEAP transducer is the electro-active polymer (EAP) technology. This example is concentrated on only a partial view of the full overview, that is, the electrical driver for the DEAP transducer was not included as the main properties of the DEAP product were found in the transducer (Tryson and Kiil, 2010) . The overview levels followed the proposed main structure of Step 1, as well as the levels of the project, that is, on T1, the polymer material; on T2, the EAP film; on T3, the DEAP transducers; and on T4, the applications, as shown in Figure 4 .
Due to project confidentiality, the overview has been simplified in this example. The basic overview was based on data found in the joint project data repository, individual repositories, meetings, and through informal interviews. The data types were technical reports (repositories and meetings), overview descriptions, presentations (repositories and meetings), and relational descriptions (meetings and interviews). The overview was made by the researchers in collaboration with participants of the work packages. By proposing structures and relations, discussions were found to initiate on what implications the previous decisions had created.
As the main focus for the development was on tiers 1-3 in the development, tier 4 had a higher abstraction level. On the fourth tier, the applications, architecture models were used for documenting the relations in four technology prototypes, that is, prototypes built for assessment of performance of the DEAP transducers in a product concept formulated with the application companies (Ravn et al., 2015) .
In the project, the assessments of the portfolio elements ( Step 2) were conducted by describing completed development tasks and using TRL as a performance measure (see Figure 4 ).
Step 3: property reasoning to identify PTC From the top-down, the PTC reasoning, a number of key properties were used from the development up until that point in time. The properties were based on lessons learned through the three development cycles in the four prototype applications, as well as analysis of competing technologies on the market. The properties were then guided down through the overview, and for each level, a set of requirements was discussed by the project participants, based on the implication the increase in property would have on that specific element on that specific tier.
Two PTCs are illustrated in Figure 5 . The properties high force density and high dynamic movement had been identified as key properties on tier 4.
For the first example, a high force density was sought as a value proposition. From here, guiding requirements were used to facilitate the property decomposition represented by the PTC. The PTC was tracked through a specific product family entity on tier 3, down to a CTBB A on tier 2 and a CTBB B on tier 1. CTBB A was related to the electrode deposited on the polymer film, and CTBB B was related to the material composition technology.
For the second example, a high dynamic movement was sought as a value proposition. The PTC was tracked through a specific product family entity on tier 3, down to a CTBB B on tier 1-the material composition technology.
Having identified the CTBBs, the following discussion covered the next action steps:
The material (CTBB B) should be approached with a platform segmentation in the next development task. Thereby different requirements could be fulfilled instead of a ''fits all'' material. By making different material platforms, performance increase was expected. The electrode (CTBB A) should look to be improved if the goals of durability and robustness were to be achieved.
As an output from the framework, prioritization of resource allocation and identification and specification of action steps were made possible.
Specialist evaluation of the framework
A workshop was held with project decision makers and specialists, including the Chief Technology Officer (CTO), project managers, and steering committee members, to evaluate the framework. The following was articulated about the value of the framework:
''I realize that some tasks form around a whole new technology by themselves.'' ''The framework is really strong for cutting to the bone for the next step (of development).'' ''We need to discuss whether some technologies are product or production related.'' ''The framework is best suited for a top-down approach.'' ''For the technological decisions, we now have an idea of where to focus.'' ''By tracking the value propositions we can see the impact.''
The statements indicate that the participants, albeit their deep knowledge about the technology on the different tiers, evaluated the framework as being useful for creating a good base for decisions.
Summarizing the use of the framework
With the field testing case, it has been illustrated that the framework fulfilled the purposes to (1) identify a uniform structure over multiple value chain levels, (2) enable assessment of the portfolio and development status, and (3) provide basis for strategic decisions.
It was found that the overview in Step 1 could be used to describe the structure of the four tiers and the relations between these, as well as describing the relation between the product dimension and technology dimension. Using assessment in Step 2 gave the status of the development, and Step 3, with the use of two examples, was illustrated to enable an identification of CTBBs on different levels of the value chain by the use of PTCs.
Discussion
Compared to other approaches, such as the ones mentioned in section ''State of the art,'' the proposed framework includes to a higher degree, the technologies in the company. Rather than having product optimization in focus, the framework is focusing on the inclusion of TBBs and specifically targeting CTBBs by the use of PTCs. This, combined with the aforementioned approaches, seeks to support the definition of a viable and sound development strategy.
Fulfilling the requirements
The framework provides a holistic approach to viewing the portfolio including technologies under development and provides the means to navigate in the development. With the field test, it was illustrated that the framework fulfilled the purposes from section ''Requirements for a framework.'' The example and field testing illustrated that the framework was able to include multiple tiers, allowing assessment, as well as successful identification of CTBBs. This speaks of fulfillment of the requirements for the framework. Additionally, the challenges from section ''Challenges identified in literature'' are addressed in the framework. The overview allows for identification of the relations between the entities in the portfolio and thus bringing transparency for management. The assessment enables a status to be given to each of the entities being developed. The reasoning enables identification of the critical areas for key performance.
Evaluation of research
The research presented in this article has a natural limit with it being tested on a single case. However, it is assessed to be representative for other companies trying to establish a portfolio based on a novel technology. The validation of the framework is preliminary, and further testing is needed for increased insight into the identification of CTBBs. A number of assumptions were made for the framework. It was assumed that for both technology-push and market-pull settings, potential products in which the technology can be used are identified. Therefore, another assumption is that the potential products are known. As the framework uses input from possible applications already identified, the selection of applications was not covered in this article. Future research may include the coupling between the framework and pairing with possible applications.
Additional case observations
It was found that terminology had a large impact, in both the theoretical and practical models, as technology is individually interpreted. The preparatory work needed to create consensus on the elements and relations in the overview can be a large task and should be undertaken by an architecture and platform department or alike for maximum communication throughout an organization.
In the lower tiers of the overview, it became harder to apply the framework structure. This may be due to reaching a level where the components are closer to natural phenomena and basic materials.
At the beginning of the industrial case, it was a major challenge for the different development teams when needing to keep the overview. A total of 10 work packages had to coordinate and cooperate toward common goals, so that ideas, decisions, and ultimately the overall strategy were in alignment.
Application in incremental and radical innovation
The framework presented in this article was presented through the use of (1) a case of a demand-pull setting for a badminton racket manufacturer with existing products, and (2) a field testing in a technology-push setting for the DEAP technology with no existing products, but prototypes instead. The main findings are represented with the latter case of a company trying to establish a portfolio based on a novel technology. The rationale in the steps of the framework is however not limited to fundamentally new products but may also be applicable for incremental improvements to existing products (Ulrich and Eppinger, 2008) , where the identification of CTBBs can help guiding the development as well as definition of product roadmaps for variants and sub-system innovations.
Conclusion
In this article, a framework was presented to provide a structured way of analyzing a product portfolio to identify CTBBs that enable prioritization of the development. The three-step framework consists of the creation of an overview, assessment of the elements in the overview, and finally the use of PTCs to enable identification of CTBBs. The contents of the framework have been devised from literature, described, and a general example was used to describe the general approach and method to using the framework. The framework was tested in an industrial technology development project in which transducers based on the DEAP technology were built and tested. The framework has the potential to increase the efficiency of R&D, as application specialists evaluated the framework to be a strong framework for cutting to the key focus of the development. Further research should be used to investigate the use dimensions of the framework in other settings and to validate on a broader scale. Further work will include testing on additional projects to validate the findings.
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